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1 Introduction

In RP #69, a new Rel-13 work item: NarrowBand IoT (NB-IoT) has been approved [1]. In the WID, it indicates
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

This contribution aims to give a brief overview of the reuse of Rel-8 Random Access (RA) procedure in NB-IoT, and provides an outline of a possible optimization. 
2 Discussion
Rel-8 RA procedure is illustrated in Figure 1. Message 1 is a Contention Based (CB) preamble transmitted on random access resource. Message 2 transmitted within a Random Access Response (RAR) window contains the Timing Advance (TA) and UL grant for message 3.  Message 3 contains RRC connection request (S-TMSI and establishment cause) when device is in RRC idle; or it contains C-RNTI MAC CE and data/BSR MAC CE in RRC connected. Message 4 contains S-TMSI with RRC connection setup for contention resolution when device is in RRC idle; or it contains UL grant on PDCCH DCI format 0 using C-RNTI scrambling for contention resolution in RRC connected. Upon receiving successfully message 4 within the MAC contention resolution timer, the device is ready to transmit data. 
The 4-step RA procedure as specified in Rel-8 can be applied in NB-IoT for in-band, guard band and standalone operations. It is expected that the RA preamble format and RACH physical channel will need to be re-designed by RAN1. We can consider Rel-8 RA procedure as the baseline solution in NB-IoT.
Proposal 1: To reuse a 4-step RA procedure as in Release 8 is baseline for NB-IoT. 
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Figure 1 Release 8 Random Access Procedure
3 Simplified Random Access Procedure for NB-IoT
NB-IoT should support massive number of machines while also allowing device battery life of 10 years. To achieve these objectives, it is beneficial to reduce signalling exchanges between the device and eNB. Release-8 RA procedure was specified for normal devices. The signalling overhead of 4-step handshaking is relatively high for small packet data typical in Machine Type Communication (MTC).  
The UL format proposed within Narrow-Band LTE concept in GERAN CIoT Study Item [2], [3], include a cyclic prefix length for UL 6 times longer compared with the current LTE. A longer CP allows to relax the timing requirements for UL synchronization. Timing misalignments in cell radius sizes of up to 4 km could be tolerated without a need for timing Advance. For larger cells, a TA value with a larger resolution than specified in Release 8 could be determined by eNB. Stationary devices may not need TA command. The relaxed timing requirements should allow optimization of Message 1 RA preamble with less frequent use compare to LTE.  It is proposed in the next sections to simplify the Rel-8 RA procedure based on these considerations.

Random access procedure in TR45.820
It [3] a simplified 4-step RA procedure and a 2-step RA procedure have been proposed in NB-CIOT solution. Message 1 in the 4-step RACH procedure is transmitted on PUSCH physical channel – i.e. it does not use a RACH preamble as in LTE. In the 2-step RA procedure, the C-RNTI of device is included in the Message 1 allowing contention resolution in 2 messages rather than 4 message. The two-step RA procedure removes two signalling messages transmitted on SRB0. 
Simplified random access procedure for NB-IoT 
In the proposed 2-step RA procedure, the  RA preamble in message 1 and RA Response in message 2 are not used. This saves signalling overhead and has lower latency.  Devices that need a TA command to correct UL timing misalignment in larger cell sizes than 4 km  may use a 4-step RA procedure. This is the baseline. In case these devices are also in Coverage Enhanced (CE) mode, a new RA preamble should be considered for Message 1. The 4-step RA procedure and 2-step RA procedure without use of an RA preamble are illustrated in Figure 2 and further described below. 
[image: image1.png]UE eNB UE eNB

RA Request RA Request
[ RAReq | RAReq
RA (Machine10) __| RA (CRNTH8sR)__|
relsponse UL Resource Allocatioh revsponse UL Resource Allocatioh
windows Mz(‘,"“_n/a"l window
K[ D, UL grant) rant)
MAC- MAC PDU

Contention (TMSI, BSR}— ] led UL data Tx
resolution

. Ack/Nack
Timer M y

| Scheduled UL data Tx

(a)

(b)





Figure 2 Simplified RA Procedures for device in (a) RRC Idle State; b) RRC connected state.
Message 1 of release-8 RA procedure is now replaced by a RA request on CB PUSCH – i.e. the rel-8 RA preamble is not used anymore. Message 1 includes the 16-bit C-RNTI allocated to the device and 8-bit short BSR, which allows contention resolution to be completed within reception of Message 2 addressed to C-RNTI via DCI. Assuming that the TA command is not needed by the device, this saves 11 bits in Message 2. In case of 4-step RA procedure, Message 1 an Message 2 include a 16-bit machine ID which further requires contention resolution Messages 3 and 4 to complete device identification with the 40-bit TMSI, 8-bit BSR, 16-bit C-RNTI and 20-bit UL grant. Table 1 summarizes the overhead in bytes for the Release 8, simplified 4-step and 2-step RA procedures. Mapping of messages to physical channels is also indicated in the table. It is shown that the simplified 2-step RA procedure can greatly reduce signaling overhead to less than 10% of that for the Rel-8 RA and 4-step RA procedures. The same amount of resources are configured for Message 1 with RA request via CB PUSCH and Rel-8 RA preamble, and is not taken into account in total overhead.  

CB-PUSCH detection is not used for TA command computation. High reliability for CB PUSCH transmission can be achieved for small payloads by careful configuration of CB resources to avoid collisions of CB PUSCH transmissions and optionally with DM-RS based interference cancellation in the eNB receiver [4].
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Table 1: Summary of overhead for RA procedures and mapping to Physical channels
Note
CB PUSCH in Message 1 of simplified RA procedure contains the machine ID. Hence, it can be acknowledged with very high reliability by the eNB confirming machine ID in Message 2 of simplified RA procedure. This avoids possibility of collided Message3. In rel-8 RA procedure, the eNB implementation may not detect RA preamble collision resulting in these devices receiving the same RAR message and transmitting Message 3 on same UL resources with collision.

Proposal 2: Simplified RA procedure should be considered as the optimization for Rel-8 RA procedure for NB-IoT.
4 System Performance

The 2-step simplified RA procedure for devices in RRC connected state was simulated in a typical 21 cell deployment. It was assumed that RA request on CB PUSCH used 20% of PRBs in 180 kHz. For comparison, rel-8 RA procedure was also simulated using 3.33% of 6 PRBs in 1.4 MHz to keep amount of resources used for RA request via CB PUSCH and Message 1 via RA preamble the same. The methodology for Rel-8 RA procedure was based on [5].

The System-Level Simulator (SLS) used a physical-layer abstraction model based on Link Layer Simulator (LLS). The BLER performance of a NB-LTE system with 2.5 kHz sub-carrier spacing and SC-FDMA waveform was simulated. The uplink frame structure is according to NB-LTE. Further details on SLS simulator setup are provided in Appendix.

Figure 3 shows that a larger number could be achieved for 2-step simplified RA procedure compared with Rel-8 RA procedure. The same amount of resources ratio configured for Message 1 with RA request via CB PUSCH and Rel-8 RA preamble. The Message 2 in the simplified RA procedure allows (i) acknowledgement of Message 2; (ii) contention resolution by confirming device identity.The RAR window effectively corresponds to the MAC Contention Resolution timer value confifured for the device.In case of the 4-step RA procedure also using Message 1 via CB PUSCH, the RAR window and MAC contention resolution timer values are similarly configured as in rel-8 RA procedure.    
Note

The latency in  SLS simulations includes collisions on RA preambles and Message 3 for Rel-8 RA procedure, and collisions on RA request via CB PUSCH for simplified 2-step RA procedure. 
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Figure 3 Comparisons of Rel-8 RA procedure and simplified RA procedure for NB-IoT 

5 Conclusion
In this contribution, simplified 2-step RA procedure was shown to reduce signaling overhead and latency for NB-IoT. This is also expected to have benefit for lower power consumption in the device. Two proposals are made. 
Proposal 1: To reuse a 4-step RA procedure as in Release 8is baseline for NB-IoT. 
Proposal 2: Simplified RA procedure should be considered as the optimization for Rel-8 RA procedure for NB-IoT.
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7 Appendix – SLS simulation setup
The simulation settings of Rel-8 RACH are in [5]. Traffic model 1 is adopted for analysis. The packet arrival distribution for Rel-8 RA preamble and RA request via CB PUSCH over a 60 seconds time interval are illustrated in Figure 4. Figure 5 shows the SLS basic setup with one serving cells and 20 interfering cells. Table 1 summarizes the simulation parameters for simplified RA procedure. 
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Figure 4 Packet arrival distributions for (a) Rel-8 RA preamble, (b) RA request via CB PUSCH 
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Figure 5 SLS Simulator setup
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Table 1 Simulation parameters for simplified RA procedure
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